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ABSTRACT: The Sustainable Development Goals (SDGs), agreed by the United Nations in 2015, are receiving significant
attention in engineering policy and practice. However, it is unclear whether current and future engineering graduates will be
equipped to contribute significantly to the achievement of these goals and deliver sustainable engineering solutions. This research
aims to quantify the extent to which the SDGs are embedded in engineering degree programmes. A methodology and tool, based
on established keyword analysis, were developed to measure the level of SDG coverage in learning outcomes. The 30 programmes
(358 modules) offered at NUI Galway’s School of Engineering were used as a case study. The findings suggest that the SDGs are
embedded to a greater extent in civil engineering and energy systems than in other disciplines. The SDGs which receive the
greatest coverage in engineering programmes are related to the following: Clean Water, Clean Energy, Economic Growth, Industry
& Infrastructure, Cities, Consumption & Production, and Climate Action (a finding which aligns with surveys conducted by
Engineers Ireland). The paper concludes with recommendations on refining the tool, identifying exemplar programmes and
modules, and collaborating with industry and educators at all levels to develop content related to the SDGs.
KEY WORDS: Sustainable Development Goals; Climate Action; Pedagogy; Engineering Education, Graduate Attributes;
Learning Outcomes; Future Skills.
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INTRODUCTION

Climate and biodiversity emergencies have been declared [1]
and countries have begun aligning their agendas to the targets
laid out in the United Nations Sustainable Development Goals
(SDGs), which aim to be achieved by 2030.
The aim of this paper is to identify engineering education
requirements to achieve sustainable development (and related
Government plans) and to quantify the extent to which the
SDGs are currently embedded in engineering degree
programmes.
Firstly, a literature review examined the skills in demand by
employers of engineers and by Government plans for a
sustainable future. Secondly, the current education system for
engineers in NUI Galway was analysed for coverage of the
SDGs. By identifying the skills in demand and the gaps in
education systems where these topics could be further pursued,
this paper aims to produce useful research on how to best
educate engineers to achieve more sustainable development.
2

LITERATURE REVIEW
Introduction

The synthesis of literature for this study spanned three main
topics: (i) Irish Government policy and plans related to
engineering, (iii) in-demand engineering skills, and (iii) global
efforts at embedding sustainable development in education
systems.
Government Policy and Plans
Project Ireland 2040 consists of two main documents,
the National Planning Framework (NPF) [2] and the National
Development Plan 2018-2027 (NDP) [3]. The NPF is the policy
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document that conveys the measures that need to be taken to
accommodate the forecast population increase and the NDP
projects the major directions for a fund of €116 billion will be
invested between 2018 and 2027. This fund is divided among
ten Strategic Outcomes, which involve a large number of plans
and projects. In terms of engineering input, infrastructure,
sustainable development and digitalisation are core to these
plans.
The Climate Action Plan (CAP) [4] is a separate set of
goals and plans to Project Ireland 2020. The CAP tries to close
the gap between Ireland’s current emissions and the goal of net
zero by 2050. However, a trend is becoming clear where not
enough effort is being put into decarbonisation. Ireland is likely
to miss its 2020 EU emissions targets which will impose fines
on the State. In order to close this gap in targets, the CAP
outlines a roadmap to 2030 to put Ireland back on track with
emissions without requiring any Exchequer purchase of credits
nor the sacrifice of revenue due to the Exchequer from credits
sold in ETS. Project Ireland 2040 and the CAP are aiming to
achieve high levels of sustainable development in Ireland
which will require engineers who are sufficiently equipped to
achieve it.
In-demand and Future Skills
Engineers Ireland release an annual barometer report
documenting trends in the profession of engineering in Ireland
[5,6]. In this report, results from surveys of employers,
academics and the general republic are presented. When
employers were asked what the main barriers are to growth, the
most frequent answer was shortage of engineers with the right
skills/experience. When asked what skills they think engineers
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will need to develop over the next ten years, employers
answered with mostly transversal skills such as
communication, teamwork, and ethics. Technical skills related
to sustainability and digitalisation were also mentioned.
Academia presents similar findings. The A-STEP 2030
project surveyed academics, students, and employers across
four EU countries on the skills are needed for sustainability [7].
CRITHINKEDU looks at the role of critical thinking in
university curricula and how it differs across disciplines [8]. It
found that in Engineering, more than in other disciplines, there
are recurring links between problem solving and critical
thinking. The study concluded that more coordinated or
cohesive approaches to teaching critical thinking skills is
needed in Engineering programmes. The Creative Engine
project surveyed forty-nine Engineering companies of varying
size in Ireland [9]. Forty percent say their engineering
departments do not interact with customers directly and eighty
nine percent say their creativity and innovation training needs
are not being fulfilled. The literature also suggests a lack of
connection between engineers and their impact on society, with
the stereotypical engineer being a product-focused problem
solver. The connection between engineers and societal
challenges could be strengthened.

education systems. A lack of connection between engineers and
their environmental impact has been recognised and a more
humanitarian approach to engineering is desirable. The SDGs
offer a globally recognised framework for sustainable
development, incorporating a large range of societal
challenges. By ensuring extensive coverage of the SDGs in
engineering education, engineering graduates could be
equipped with the skills to tackle societal challenges and
increase the standing of the profession. However, it is as yet
unclear the extent to which the SDGs are embedded in
engineering education in Ireland.

Sustainable Development Goals and Education
The SDGs were agreed by the United Nations in 2015
with the aim of achieving the goals by 2030 [10]. They are a
global set of broad goals that attempt to span societal
challenges in terms of where the world is now and where the
world needs to get to in order to be considered sustainable. The
SDGs are a useful framework for sustainable development and
many countries and universities are attempting to align their
education systems with the SDGs [11-14]. In 2017, Monash
University and SDSN Australia/Pacific released a guide for
universities, higher education institutions and the academic
sector for embedding the SDGs in universities [15]. The
authors describe a methodology for mapping university
contributions to the SDGs. It also references a list of 915
keywords published by Monash University which this paper
adopted and critically analysed [16]. These keywords are
related to each SDG and are ordered accordingly.
In 2019, Engineers Ireland asked engineering employers and
academics to what extent each of the SDGs should be covered
in engineering education (Figure 1). The top six SDGs selected
by most to be covered in depth were SDGs 7, 6, 13, 11, 9 and
12 (i.e. goals related to energy, water, climate action, built
environment and industry).
Conclusion
From the review of Irish Government policy documents,
it is clear that there is strong demand for engineers in Ireland
now and into the future, especially in the areas of infrastructure,
renewable technologies, digitalisation, and sustainable
development. The demand for engineering recruits is high and
employers of engineers reported shortages of engineers with
the right skills. Communication, teamwork, fundamental
engineering knowledge and professional ethics were
considered the most important skills according to employers.
Academic research has presented that there is a lack in
communication, critical thinking, innovation, and creativity
skills among engineers currently and in our engineering

Figure 1 - SDGs which should be covered ‘in depth’ in
engineering education programmes (academics and
employers)
3

METHODOLOGY
Creating the tool

Using Microsoft Excel, a tool was developed to crosscheck a list of learning outcomes for the presence of the 915
keywords compiled by [15]. Information on 30 programmes
offered by NUI Galway’s School of Engineering were
downloaded from Akari in Microsoft Excel format. This
information included module codes, names, co-ordinators and
learning outcomes. While some studies include scanning
module descriptions, this was deemed to be outside the scope
of this paper. It was determine that it would be sufficient to
examine the learning outcomes as these should capture the
knowledge each student should take away from a module. The
tool makes use of Equation 1 shown below which scans for a
keyword in a range called “Data”, which contains the learning
outcomes. The tool carries out this process for all 915 keywords
and summarises the findings using COUNTIF, SUM and
TEXTJOIN functions.
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𝑖𝑓(𝑖𝑠𝑛𝑢𝑚𝑏𝑒𝑟 𝑠𝑒𝑎𝑟𝑐ℎ(′𝑘𝑒𝑦𝑤𝑜𝑟𝑑 , 𝐷𝑎𝑡𝑎) , 𝑘𝑒𝑦𝑤𝑜𝑟𝑑 , " ")

(1)

to increase relevancy. Table 5 shows where the five keywords
were relocated.

Keyword Critical Analysis
A critical analysis of the 915 keywords was carried out
to ensure the tool was operating accurately. This was completed
by compiling the learning outcomes of the 30 programmes into
one list of 2,267 learning outcomes from 358 individual
modules, after duplicates were removed. The keywords hit in
this list account for all hits in the NUI Galway School of
Engineering. The keywords were ordered by frequency of hits
and then each learning outcome containing each word manually
checked for relevance to the SDG of the given keyword. The
goal of this was to identify irrelevant hits and to adjust the
keyword list if necessary, to improve the accuracy of the tool.
NUI Galway School of Engineering Analysis
Table 1 shows the sample set from the School of
Engineering, grouping the programmes by number of credits.
The tool was tested taking the keyword list verbatim first. Then
the critical analysis of the keywords was carried out and after
adjusting the keyword list a second analysis of the data was
completed for comparison.

Figure 2 - Bachelor of Engineering discipline comparison
showing average hits for each SDG

Table 1 - NUI Galway School of Engineering Courses
Degree
BE & BSc
ME
Exchange
MSc
Diploma
4

Av. Hits
31.2
27.9
19.7
14.3
14

Credits
Programmes
8
7
4
7
4

240
60
60
90
30

RESULTS
Initial Analysis

The first analysis was completed using the keywords as
published by Monash University. Figures 2 and 3 compare the
various BE and ME disciplines. These graphs show that Civil
Engineering is the highest performing BE and ME, closely
followed by Energy Systems Engineering. Mechanical,
Biomedical and Electrical/Electronic/Computer Engineering
all follow. A trend can be seen where SDGs 1, 7, 9, 10, 11 and
12 perform higher on average. SDGs 3, 4, 5, 14, 16 and 17 score
the lowest. Table 6 summarises the total performance of each
SDG by number of hits.

Figure 3 - Master of Engineering discipline comparison
showing average hits for each SDG
Table 2 - Keywords ordered by frequency of hits
Keyword
Age
Work
Environment
Research
Energy
Water
Environmental
Health
Medical
Business

Keyword Critical Analysis
When the 2,267 learning outcomes were analysed for
the presence of the keywords, only 113 keywords were found.
Table 2 shows the top ten keywords by frequency of hits. From
the analysis of the learning outcomes under each keyword it
was decided that 14 keywords should be removed. These were
removed for one of two reasons. The first being the words
showed entirely irrelevant hits, meaning the learning outcome
containing the word was not relevant to the words related SDG.
The second reason was words were producing duplicate hits
due to one keyword being present inside another. Tables 3 and
4 show the keywords removed due to irrelevancy and
duplications, respectively. Another adjustment was made to the
keywords where five words were relocated to other categories
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Hits
204
184
83
71
52
44
44
40
38
35

Table 3 - Keywords removed due to irrelevancy
Keyword
Age
Class
Environment
Mental Health
Produce
Race

SDG
10
1
1&2
3
2
10

Context
Agency
Class of materials
Warehouse environment
Environmental health
Produce work
Embrace

Civil Engineering Research in Ireland 2020

SDG 17

SDG 16

SDG 15

SDG 14

SDG 13

SDG 12

Electrical

SDG 11

Mech

SDG 10

SDG 9

Biomed

SDG 8

Energy

SDG 7

Civil

SDG 6

SDG 5

SDG 4

SDG 3

SDG 2

SDG 1

BCM1
16
14
12
10
8
6
4
2
0

Figure 4 - Bachelor of Engineering discipline comparison after word adjustments, showing number of keywords hit per SDG
Table 4 - Keywords removed due to duplications
Keyword
Biomedical
Energy consumption
Extinction
GHG emissions
Renewable energy
Sustainable energy
Wastewater
Wastewater treatment

Duplicate Keyword(s)
Medical
Energy & Consumption
Extinct
GHG & Emissions
Renewable & Energy
Sustainable & Energy
Waste & Water
Waste & Water

Table 5 - Keywords relocated to a new SDG category
Keyword
Environmental
Sustainability
Sustainable development
Sustainable
Ethical

Original
SDG
Mis
misc.
misc.
2
miss

New SDG
13
11
11
11
4

Table 6 - SDGs ordered by hits showing before (left) and after
(right) keyword adjustment
Keywords Verbatim
SDG
Hits
10
333
8
238
9
209
12
175
11
159
1
147
2
139
7
125
3
117
6
111
15
54
13
38
16
18
14
9
4
8
5
4
17
1

Keywords Adjusted
SDG
Hits
8
238
9
209
12
174
11
168
7
111
10
111
6
95
3
83
13
81
4
45
15
45
16
18
1
15
14
8
2
5
5
4
17
1

Analysis After Accuracy Improvements
After adjusting the keywords as outlined above, the
dataset was reanalysed. The results were significantly affected.
Figure 4 compares the BE disciplines after adjustments,
including Project and Construction Management (BCM1) as
this was identified as the highest performing course. Of the
BEs, Civil Engineering still performs the highest, closely
followed by Energy Systems again. There is a new trend
present where SDGs 6, 7, 8, 9, 11, 12 and 13 now perform the
highest. SDGs 1, 2, 5, 14, 15, 16 and 17 perform poorly. Table
6 shows all the SDGs ordered by hits after accuracy
adjustments.
5

DISCUSSION
NUI Galway School of Engineering Trends

Table 1 summarises the programmes included in this
study. The ‘average hits’ column shows the average of the total
unique keyword hits. The average of the eight bachelor’s
degrees was 31.2 unique hits, which was lower than expected.
However, it showed the tool was working as expected, as
courses with more learning outcomes received more hits.
Another overall trend was that Civil Engineering scored the
highest for both Bachelor and Master levels and was closely
followed by Energy Systems Engineering. Mechanical,
Biomedical and Electrical/Electronic/Computer Engineering
courses all scored progressively less respectively.
Critical Analysis of the Keyword List
Throughout the trial run of the tool, it was often noted
that a critical analysis would be needed to improve its accuracy
as there were many irrelevant hits. It was interesting to see how
few of the keywords were hit. Only 113 or 12% of the 915keyword list were hit initially. From the entire NUI Galway
School of Engineering (30 programmes, 358 individual
modules and 2,267 learning outcomes) only 281 modules
received any hits, meaning 22% did not. Also, of the 2,267
learning outcomes only 920 received hits, meaning 59% did
not. After reading through the learning outcomes that received
hits, the 14 keywords were removed, as summarised in Tables
3 and 4. After the analysis, only 240 modules and 690 learning
outcomes were hit under a new list of 98 keywords. The
adjustments made to the keywords significantly impacted the
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results, showing more hits in SDGs 4, 11 and 13 and a large
drop in hits in SDGs 1, 2, 3 and 10. The rest (SDGs 5, 6, 7, 8,
9, 12, 14, 15, 16 and 17) remained relatively unchanged. This
critical analysis of the keywords was successful in making the
tool more accurate however it has the limitation of being
specific to NUI Galway School of Engineering dataset.
A more extensive keyword analysis would be useful for
future development of this tool. A method of weighting the
keywords based on higher or lower relevancy could see further
accuracy improvements. The critical analysis could also be
performed by two separate groups. One group who are well
read on the SDGs and another who are not. This could provide
useful information on what needs to be educated to those who
have not yet been educated on them.
SDG Trends and Opportunities for Improvements
After adjusting the tool, it was significantly more
accurate as reflected in the results produced. Figure 1 shows
how SDGs 6, 7, 9, 11, 12 and 13 are regarded the most
important in terms of engineering education. As can be seen in
Figure 4 these SDGs are covered to a higher degree in the
Bachelor of Engineering degrees at NUI Galway. Table 6
shows the SDGs in order of coverage for the whole scan of the
School of Engineering. This table shows slightly different
results to the trend seen in Figure 4, with SDG 8 being the
highest performing SDG. Also, SDGs 10 and 3 are higher than
expected. Overall, it would appear this middle section of SDGs
from 6 to 13 (not including SDG 10) are highly relevant to
engineering. These SDGs all perform relatively well and should
continue to be relevant to Engineering in the future. SDGs 14
(Life below water) and 15 (Life on land) did not improve in
performance after the keyword adjustment and were expected
to be among the engineering-related SDGs. This low
performance could reflect a lack of connection between
engineers and their impact on the environment as these SDGs
relate to topics such as biodiversity and ecosystems.
Engineering helps to shape the world we live in and these topics
could receive more attention in curricula. SDGs 1 (No poverty)
and 2 (Zero hunger) are considered more relevant for
developing countries, although as the SDGs are a global set of
goals more emphasis should be put on the global effort to
achieve these goals. SDGs 5 (gender equality) and 10 (reduced
inequalities) are not seen to be extensively covered in
engineering curricula. Gender imbalance is a current issue in
engineering and the lack of coverage of these SDG topics may
reflect that. SDG 16 (Peace, Justice and Strong Institutions) and
17 (Partnership for the Goals) did not receive many hits,
however, these goals will be important in achieving the targets
set out in the rest of the SDGs.
With these opportunities for improvement identified,
inspiration could be taken from online frameworks aimed at
education for sustainable development. Examples of these
include the Curriculum Framework for Enabling the
Sustainable Development Goals [17], the Guide to Education
for Sustainable Development [18] and the UN’s SDG Targets
and Indicators [19]. These resources could offer direction on
improving coverage of the SDGs in curricula.
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CONCLUSIONS

Opportunities for increased coverage of the SDGs in
engineering education have been identified, specifically under
SDGs 1 – 5, 10 and 14 – 17. These SDGs cover these topics
respectively: No poverty, Zero hunger, Good health and wellbeing, Quality education, Gender equality, Reduced
inequalities, Life below water, Life on land, Peace justice and
strong institutions, and Partnership for the goals. The remaining
SDGs, these being 6 – 9 and 11 – 13, saw a relatively higher
level of coverage in NUI Galway’s School of Engineering
curricula. However, this does not mean there is not still room
to improve on these topics. These topics have been covered to
an extent because they tend to be more relevant engineering
skills. There could be further focus on these topics to ensure
engineering graduates are being educated through the lens of
sustainable development. These SDGs respectively relate to:
Clean water and sanitation, Affordable and clean energy,
Decent work and economic growth, Industry innovation and
infrastructure, Sustainable cities and communities, Responsible
consumption and production, and Climate action.
Employers and academics seek further education of good
communication, innovation, creativity, critical thinking, and a
greater focus on emotional intelligence among engineers.
Engineering has a major role to play in achieving the SDGs and
increasing SDG coverage while also incorporating these skills
could have profound affects for sustainable development in
Ireland and internationally and increasing the connection
between engineers, environment and society.
7

FUTURE ASPECTS

NUI Galway’s Sustainability Strategy includes targets on
the alignment of curricula with the SDGs to which this research
aims to contribute. The SDGs are to be achieved by 2030 and a
major player in achieving them will be effective education,
especially of engineers. There is space for research in moving
from this analysis tool to the implementation of steps to
improve curricula in terms of SDG coverage and new skillsets.
Recommended future steps are:
 Identify exemplar programme content and learning
outcomes for sustainability and work with lecturers to
embed these in curricula
 Engagement with lecturers, other educators and teaching
and learning centres on the development of learning
outcomes and highlighting the importance of sustainability
 Work with industry and professional/accreditation
organisations to develop future-ready graduates
 Further focus on education which involves crossdisciplinary collaboration, such as social sciences and
engineers
 Incorporate sustainable development further into life-long
learning, reskilling and upskilling institutions and courses
 Incorporate sustainable development further into primary
and secondary level education systems
The initial results from this research were presented on World
Engineering Day for Sustainable Development (4th March
2020) to an audience consisting of engineers and engineering
academics at Engineers Ireland. During this presentation, an
opportunity arose for collaboration with another research
project in Ireland which is working on a similar project. The
team is currently pursuing collaboration with this university by
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finding common ground between the projects and aligning their
goals. Communicating with other universities in relation to the
format and content of their learning outcomes would be useful
for replicating the process (this project used material that was
stored on Akari software which is popular among universities).
There is space for national and international collaboration on
this body of work.
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